ABSTRACT -Three new calcareous dinoflagellate species from the Middle Coniacian to Upper Santonian chalks of Lägerdorf (northern Germany) are formally described: Calcicarpinum macrogranulum n. sp., Pirumella fragilis n. sp. and Ruegenia quinqueangulata n. sp. The species show differing vertical distribution patterns which might result from local sea-level changes: P. fragilis and R. quinqueangulata are restricted to the possibly transgressive upper Mid-Coniacian to Lower Santonian interval and C. macrogranulum occurs consistently only in the probably regressive lower Mid-Coniacian and Middle to Upper Santonian intervals.
INTRODUCTION
Dinoflagellates producing calcareous tests (calcareous dinoflagellates) are important members of the Mesozoic and Cenozoic marine phytoplankton community. Although information on the ecological preferences of calcareous dinoflagellates is still scarce, their application as palaeoceanographical and palaeoclimatological tools has increased significantly in recent years, especially for the Late Quaternary of the Atlantic Ocean (e.g. Höll et al., 1999; Esper et al., 2000; Vink et al., 2000 Vink et al., , 2001 Vink et al., , 2002 Vink, 2004) . Their usefulness for the interpretation of depositional environments is less well established. However, several studies indicate that calcareous dinoflagellates can be applied successfully in the fields of facies development (e.g. Dias-Brito, 1985; Zügel, 1996) and sequence stratigraphy (Zügel, 1994; Reháková, 2000) .
Assemblage changes were often interpreted to be controlled by sea-level fluctuations, particularly for the Jurassic and Cretaceous (e.g. Keupp & Ilg, 1989; Keupp, 1992 Keupp, , 1995a Keupp, , 2001 Zügel, 1994; Hildebrand-Habel & Willems, 1997; Reháková, 2000) . To further elucidate the influence of sea-level changes on the distribution of calcareous dinoflagellates, the systematic inventory of the assemblages from the standard section for the Upper Cretaceous white chalk of northern Germany (Lägerdorf-Kronsmoor-Hemmoor) was begun (Willems, 1985 (Willems, , 1988 (Willems, , 1990 (Willems, , 1994 Hildebrand-Habel & Willems, 1997 ; several unpublished diploma theses in the Department of Geosciences of Bremen University, Germany). The present study adds taxonomic information on previously illustrated and briefly described (Hildebrand-Habel & Willems, 1997) , but invalidly published, calcareous dinoflagellate species from the Middle Coniacian to Upper Santonian interval of this standard section. Hildebrand-Habel & Willems (1997) described the vertical assemblage successions of this interval and their possible relation to sea-level changes, but they failed to validly publish the provisional names. These authors referred the names to a submitted manuscript, thereby illegally using the names in anticipation of future acceptance. Since the announced formal description has not been published in the meantime, the present paper corrects this deficiency to validate these species.
MATERIAL
The sample material is from the 'Schinkel' quarry near Lägerdorf (northern Germany). The Lägerdorf section forms part of a 415 m thick continuous sequence of white chalk, ranging in age from Middle Coniacian to Lower Maastrichtian, which has been uplifted by the 'Krempe' salt ridge and which is exposed in three quarries at Lägerdorf and Kronsmoor, about 50 km NW of Hamburg (Fig. 1b) . Together with the Maastrichtian chalks of Hemmoor, about 40 km SW of Lägerdorf and Kronsmoor, the succession forms a sedimentologically and palaeontologically well-studied standard section for the Upper Cretaceous white chalk of northern Germany (e.g. Schönfeld et al., 1996) . By measuring and consecutively numbering all recognizable beds, such as flint beds (F), pyrite-impregnated beds (G), marl beds and seams (M, B), horizons of marly chalks (mB) and clay streak beds (TS), a detailed log has been established to provide a basis for lithostratigraphic correlation of the individual sections (e.g. Ernst, 1966; Ernst & Schulz, 1974; Schulz, 1978; Schmid, 1982) . The zero datum for the composite Lägerdorf-Kronsmoor-Hemmoor section is the Lower Campanian marl bed M1 (base of pilula Zone) of Lägerdorf.
The Middle Coniacian interval was known only from an exploration boring, until the southern corner of the 'Schinkel' quarry had been deepened in 1984 (Schönfeld et al., 1996 . The numbering of the Middle Coniacian samples examined in the present study (Fig. 1a) does not follow the usual lithostratigraphic scheme but was communicated by Dr J. Schönfeld (pers. comm., 1995) .
The sediments consist of almost purely pelagic chalks, with carbonate contents predominantly exceeding 92% and only minor terrigenous input (Ehrmann, 1986) . They are mostly fine grained; only 5-15% of the components show grain sizes larger than 63 µm (Schulz et al., 1990) . The fine fraction is primarily composed of coccoliths, with a quantitatively significant additional proportion of calcareous dinoflagellates and planktonic foraminifers (Schulz et al., 1990) . The chalks were deposited in an epicontinental Boreal sea (Håkansson et al., 1974) , probably at a water depth of 50-200 m, as indicated by the foraminiferal assemblages (Ernst, 1978) .
A total of 24 chalk samples from the Middle Coniacian koeneni Zone to Upper Santonian socialis-granulata Zone of Lägerdorf were investigated for their content of calcareous dinoflagellates (Hildebrand-Habel & Willems, 1997) . The samples were studied at 3-4 m intervals. Fourteen analysed samples contained previously undescribed species (Fig. 1a) .
METHODS
The material was processed by a combined Glauber's salt/deep freezing method (modified after Ernst, 1978) . The samples were broken into fragments of about 1 cm 3 , which were soaked in saturated Na 2 SO 4 solution and repeatedly frozen and thawed until a complete disintegration was achieved. They were then treated with ultrasound for 2-3 minutes to further separate and clean the particles. The suspension was wet-sieved through 125 µm and 20 µm screens and dried at 50(C. A microspatula of the dried 20-125 µm fraction was evenly scattered onto a picking tray and 100 calcareous dinoflagellate specimens were picked randomly with an eyelash at a magnification of 80-160, using a binocular microscope. The abundance of calcareous dinoflagellates in this fraction was simultaneously estimated. Subsequently, each sample was examined for rare or exceptional specimens. All selected specimens were mounted on aluminium stubs provided with double-sided adhesive tape, sputter-coated with gold and examined under a CamScan-44 scanning electron microscope (SEM). About one third of all specimens were subsequently broken with a scalpel, sputter-coated again and re-examined under the SEM to analyse the wall structure.
Several specimens of Calcicarpinum macrogranulum n. sp. were additionally prepared for crystallographic analysis in polarized light, following the procedure of Janofske (1996) . By wetting its gelatinous surface, isolated specimens were attached to a strip of a developed negative film and afterwards sputtercoated with gold. After SEM examination, the film strip was embedded in Spurr's low viscosity resin. The hardened sample was cut into 3 µm thin sections using a rotation microtome. To determine the wall type after Young et al. (1997) , the thin sections were embedded in Canada balsam and examined under a Zeiss Axioplan light microscope.
SYSTEMATIC DESCRIPTIONS
Division Dinoflagellata (Bütschli, 1885 ) Fensome et al., 1993 Subdivision Dinokaryota Fensome et al., 1993 Class Dinophyceae Pascher, 1914 Subclass Peridiniphycidae Fensome et al., 1993 Order Peridiniales Haeckel, 1894 Suborder Peridiniineae Autonym Family Peridiniaceae Ehrenberg, 1831 Subfamily Calciodinelloideae Fensome et al., 1993 Genus Calcicarpinum Deflandre, 1948 emend. Keupp, 1984 emend. Versteegh, 1993 Emended diagnosis. 'Obliquipithonelloid dinoflagellate cysts with subcircular to elongate endocoel and 3-5 faces. The single apical face contacts all other (2-4) faces of the cyst. Faces contact always at an angle of less than 90(' (Versteegh, 1993: 361) . Other material studied. 44 cysts from the Middle Coniacian and Middle to Upper Santonian intervals of 'Schinkel' quarry, Lägerdorf.
Repository. Collection of the Division Historical Geology and
Palaeontology, Department of Geosciences, Bremen University, Germany.
Description. Tetrahedral cysts with four planar faces. The epitract is reduced to an equilateral triangle and the hypotract forms a trigonal pyramid. Faces contact at straight (Pl. 2, fig. 1 ) to convex (Pl. 1, fig. 10 ) edges. Edges often consist of coarse and coalesced crystals, resulting in a bulging protrusion (Pl. 1, fig.  13 ). The single-layered wall is built of irregularly shaped and arranged crystals (c-axes randomly obliquely orientated; oblique wall type after Young et al., 1997) . All specimens exhibit both smaller crystals and blocky or thick-tabular units, possibly attributable to diagenetic alteration (Pl. 1, fig. 15 ; Pl. 2, fig. 2 ). The subcircular endocoel may be eccentric and is lined by nearly tangentially arranged blocky-tabular crystals (Pl. 2, fig. 3 ). Small circular archaeopyles (Type A) commonly occur; they are formed by the loss of the plate 3' (Pl. 1, figs 8-10).
Comparison. Three species of Calcicarpinum have a tetrahedral shape comparable to C. macrogranulum; however, they differ in their wall structures: Calcicarpinum primum Keupp, 1995b (Upper Albian of the Lower Saxony Basin, northern Germany - Keupp, 1995b ) has an extremely thin single-layered wall built of fibrous crystallites; Calcicarpinum tetraedricum Deflandre, 1948 (Eocene of Chaussy, France -Deflandre, 1948 ) also has a single-layered wall of minute crystallites; Calcicarpinum tetramurum Kienel, 1994 Genus Pirumella Bolli, 1980 sensu Lentin & Williams, 1993 Remarks. According to Keupp (1981) , the 'type species' of Pirumella -P. edithvincentae -is considered to be a taxonomic junior synonym of Pithonella (subsequently Obliquipithonella, now Pirumella) thayeri Bolli, 1974 . Calcareous dinoflagellates with obliquely structured walls, not showing external tabulation, have been assigned to the genus Obliquipithonella Keupp (in Keupp & Mutterlose, 1984) until recently. Following the arguments of Keupp (in Keupp & Mutterlose, 1984) , Lentin & Williams (1985) proposed the new combination Obliquipithonella thayeri (Bolli, 1974) Lentin & Williams, 1985 . Thus, the genus Obliquipithonella is a junior synonym of Pirumella and Lentin & Williams (1993) Other material studied. Six cysts from the Middle Coniacian interval of 'Schinkel' quarry, Lägerdorf.
Description. The cysts of Pirumella fragilis are spherical to apically-antapically elongated, with a maximum length/width ratio of 1.8. The thin single-layered wall consists of angular to subrounded minute crystallites. These are randomly arranged within the wall, which argues for the oblique wall type after Young et al. (1997) . However, the orientations of the crystallographic c-axes remain unproved. Due to diagenetic overgrowth, crystals exhibit a blockier habit on the proximal surface. The distal surface shows an irregular pattern of more or less loosely arranged crystallites (Pl. 1, fig. 2 ). All specimens exhibit openings, but attributed to the walls' tenuity, these commonly represent damage (Pl. 1, figs 4-5) or secondarily widened archaeopyles. The originally small circular archaeopyles (Pl. 1, fig. 3 ) are only infrequently preserved. Principally, the archaeopyle is formed by the loss of the plate 3' (archaeopyle Type A). A succession of crystals is arranged in parallel around the archaeopyle and forms a distinct rim that often protrudes slightly.
Comparison. P. fragilis differs from the other species of
Pirumella in the structure of the thin single-layered wall built by loosely arranged minute crystals. Another characteristic is the -often slightly protruding -rim of crystals framing the archaeopyle. Holotype. Cyst 34/7, SEM micrographs 18/6/3-6, 18/7/1-4, 19/ 1/1-3, 19/2/1-6, 19/3/1-4, 28/5/6, 28/6/1-6, 28/7/1-6, 32/2/1-5, 32/3/1-5 (Pl. 2, figs 4-11).
Dimensions
Paratype. Cyst 27/14, SEM micrographs 30/6/2-6, 30/7/1-6, 31/1/1-4, 38/1/1-3, 47/1/4-5, 47/2/1-4, 53/7/1-4, 54/1/1 (Pl. 2, figs 12-15).
Locality and horizon. Lägerdorf (northern Germany), 'Schinkel' quarry; Middle Coniacian bucailli-involutus Zone; sample 52115 (near G274 -1.25 m).
Repository. Collection of the Division Historical Geology and
Description. Ruegenia quinqueangulata predominantly has a pentagonal symmetry (Pl. 2, figs 4, 9). The cingular series consist of five rectangular plates joining at distinct sutural ridges, thus forming a prism (Pl. 2, figs 7, 9). One plate is slightly narrower and might represent the sulcus (Pl. 2, figs 4, 9; arrows). The intersections of the ridges are commonly extended to nodes (Pl. 2, figs 7, 12). The antapex is flattened to a pentagonal antapical plate (Pl. 2, fig. 9 ). The apical face of the holotype also has a pentagonal symmetry, whereas the paratype shows a heptagonal symmetry. These differences in symmetry result from the splitting of two antapical-apical ridges in the upper third of the paratype and the insertion of two triangular plates (Pl. 2, figs 13, 14; arrows). A circular archaeopyle (Type A) is formed by the loss of the plate 3' in the centre of the apex (Pl. 2, figs 4, 13). The wall is double-layered with an outer layer of orthogonally arranged stemmed crystals and an inner layer of obliquely arranged equigranular rhombohedra. The inner layer lines the spherical endocoel. Distal elongation of several rows of crystals in the outer layer constitutes the ridges (Pl. 2, fig. 11 ). The orientations of the c-axes -and, thus, the wall type after Young et al. (1997) -have not been verified by crystallographic methods.
Comparison. With its principally pentagonal geometry, Ruegenia quinqueangulata is comparable to Congruentia eocaenica Kohring (in Keupp et al., 1991) . Different from C. eocaenica, however, is the insertion of triangular plates and the doublelayered wall in R. quinqueangulata. The structure of the doublelayered wall, with an outer layer of orthogonally arranged crystals and an inner layer of irregularly oblique arranged crystals, substantiates the affiliation of R. quinqueangulata with the genus Ruegenia Willems, 1992 emend. Kienel, 1994 . The taxon differs from the other holotabulate species of Ruegenia, although R. crassa Kienel, 1994 has a similar wall structure, but differs in possessing a hexagonal geometry. R. areata Keupp et al., 1992 has a small pentagonal antapical plate, but an otherwise differing tabulation pattern. Additionally, R. areata has an inner layer of fibrous crystallites.
Dimensions.
Holotype: length (apical-antapical) 32 µm; width 48 µm; length/width ratio 0.67; archaeopyle 18 µm (=37.5% of width); thickness of outer wall-layer 2 µm (centre of plates) to 9.5 µm (ridges); thickness of inner wall-layer 1.2-1.8 µm. Paratype: length (apical-antapical) 25 µm; width 38 µm; length/width ratio 0.66; archaeopyle 14 µm (=36.8% of width); thickness of outer wall-layer 2.2-8.9 µm; thickness of inner wall-layer 1.4-2.5 µm.
Occurrence. Rare in the Middle Coniacian bucailli-involutus
Zone and Lower Santonian pachti-undulatoplicatus Zone of Lägerdorf (northern Germany).
RESULTS AND DISCUSSION
The examination of Middle Coniacian to Upper Santonian calcareous dinoflagellate assemblages from the chalks of Lägerdorf (Hildebrand-Habel & Willems, 1997) revealed three new species. Although all three taxa are rare components of the associations, Calcicarpinum macrogranulum occurs more consistently in the Lägerdorf chalks than Pirumella fragilis and Ruegenia quinqueangulata. The species show vertical distributions that allow a stratigraphic subdivision of the section into three intervals: Middle Coniacian (koeneni Zone), upper MidConiacian to Lower Santonian, and Middle to Upper Santonian (Fig. 1a) . Whereas C. macrogranulum occurs in the Middle Coniacian and Middle to Upper Santonian intervals, P. fragilis and R. quinqueangulata are present only in the late MidConiacian to Early Santonian times. There is no overlap in the occurrence of the latter two species with C. macrogranulum.
This vertical succession of species corresponds to the calcareous dinoflagellate assemblage changes as recognized for the Middle Coniacian to Upper Santonian interval by HildebrandHabel & Willems (1997) : the Middle Coniacian koeneni Zone is characterized by a relatively low absolute abundance, an increased diversity, generally lower proportions of the pithonelloid wall type and an increased proportion of the oblique and radial wall types; the late Mid-Coniacian to early Mid-Santonian interval shows a high absolute abundance, low diversity, low proportions of the oblique and radial wall types, high proportions of the pithonelloid wall type and a low Pithonella sphaerica/Pithonella ovalis ratio; the middle Mid-Santonian to Upper Santonian interval again has a low absolute abundance, New calcareous dinoflagellates (Cretaceous, Germany) an increased diversity, generally lower proportions of the pithonelloid wall type and an increased proportion of the oblique and radial wall types.
Generally, our understanding of the factors controlling the distribution of Late Cretaceous calcareous dinoflagellates is limited. However, Zügel (1994) documented that the distribution patterns in the Cenomanian/Turonian of western France and northern Germany are mainly influenced by sea-level changes, as a function of the palaeogeographical positions of the sections. Zügel (1994) recognized high abundances of the pithonelloid wall type, with Pithonella ovalis often dominating, to indicate transgressive systems tracts. Additionally, high abundances of the pithonelloid wall type mostly correlate with lower diversities during the transgressive phases. For regressive systems tracts, he identified low absolute abundances and high diversities, correlating with increased abundances of the oblique wall type and maximum abundances of the radial wall type.
The results of Zügel (1994) encourage the idea of a primarily sea-level-controlled distribution of calcareous dinoflagellates in the Lägerdorf chalks. The three intervals as distinguished by Hildebrand-Habel & Willems (1997) would then represent a sequence of regression (koeneni Zone)-transgression (late MidConiacian to early Mid-Santonian interval)-regression (middle Mid-Santonian to Upper Santonian interval).
The possible pattern of regression-transgression-regression during the Middle Coniacian to Upper Santonian chalks of Lägerdorf is also reflected in the distribution of the newly described species (Fig. 1a) : Pirumella fragilis and Ruegenia quinqueangulata only occur in the possibly transgressive interval, whereas Calcicarpinum macrogranulum is absent during this interval. The disappearance of C. macrogranulum during an interval characterized by a transgressive development has also been documented in an investigation of Upper Campanian to Lower Maastrichtian calcareous dinoflagellates of Lägerdorf (K. Bison, pers. comm., 2000) : the species was present in the regressive Late Campanian interval (Haq et al., 1987) , but absent in the transgressive latest Campanian and Early Maastrichtian succession.
The calcareous dinoflagellates of Lägerdorf-KronsmoorHemmoor that have been examined to date, exhibit distinct vertical assemblage changes. The distribution patterns show a good correlation with the sedimentological studies of Ehrmann (1986) , who relates his results essentially to the sea-level fluctuations of Hancock & Kauffman (1979) . The Late Cretaceous was characterized by a long-term sea-level rise, which was only interrupted by short-term and slight regressions (Ehrmann, 1986) . In the northwest European Late Cretaceous succession, a general transgressive trend can be observed for the Late Turonian to Middle Santonian interval, a nearly constant to slightly falling sea-level from Late Santonian to Early Campanian times, a rising sea-level during the Campanian and a regression during the Late Campanian, followed by a rising sea-level during the Early Maastrichtian interval (Hancock & Kauffman, 1979) . Certain parts of the Lägerdorf section, however, show sedimentological deviations which do not fit into the general concept of sea-level changes (Ehrmann, 1986) . For instance, Ehrmann (1986) relates lowered carbonate contents and increased clay mineral and quartz contents during the Coniacian interval to a regression. Such deviations from the general sedimentation processes may be due to local events (e.g. underground salt diapiric movements) or sedimentation in a marginal depression (G. Ernst, 1966; H. Ernst, 1978; Ehrmann, 1986) . Although the changes in calcareous dinoflagellates of Lägerdorf-Kronsmoor-Hemmoor do not correspond perfectly to the sea-level curves of Hancock & Kauffman (1979) and Haq et al. (1987) , the pattern correlates well with the local sea-level changes, as suggested sedimentologically by Ehrmann (1986) . The calcareous dinoflagellate assemblages obviously reflect local factors, rather than global sea-level changes.
CONCLUSIONS
The calcareous dinoflagellate assemblages of the Middle Coniacian to Upper Santonian chalks of Lägerdorf (northern Germany) contain three species which have not been previously formally described: Calcicarpinum macrogranulum n. sp., Pirumella fragilis n. sp. and Ruegenia quinqueangulata n. sp. The taxa show a vertical distribution that corresponds to calcareous dinoflagellate assemblage changes as discovered by HildebrandHabel & Willems (1997) . These assemblage changes allow a subdivision of the section into three parts which might result from local sea-level fluctuations: P. fragilis and R. quinqueangulata are restricted to the possibly transgressive upper Mid-Coniacian to Lower Santonian interval and C. macrogranulum occurs consistently only in the probably regressive lower Mid-Coniacian and Middle to Upper Santonian intervals.
